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(54) Supervisory apparatus for wavelength-division-multiplexed optical data communications

(57) The apparatus is used for supervising commu-
nications based on wavelength-division multiplexed
(WDM) techniques that provide a plurality of transmis-
sion channels multiplexed with a plurality of optical sig-
nals having different wavelengths. Using those optical
signals having different wavelengths, transmission
means (2) in a sender (terminal station) (1) transmits a
plurality of main signals to a receiver (7) via a plurality
of channels in an optical fiber (9). In addition to the main
signals, the transmission means sends a command sig-
nal by superimposing it on the plurality of main signals
conveyed on the respective channels. Extraction means
(8) in the receiver extracts the command signal out of
the signals sent from the transmission means. The
transmission means in the sender also sends a re-
sponse signal by superimposing it on the plurality of
main signals conveyed on the respective channels. The
receiver extracts the superimposed response signal out
of the received optical signals as well as extracting the
main signals therefrom.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a supervisory ap-
paratus for wavelength-division-multiplexed optical data
communication systems which provide a plurality of
transmission channels multiplexed with a plurality of op-
tical signals having different wavelengths, and more
specifically, to a supervisory apparatus for repeaters
having an optical amplifier for use in submarine optical
data communication systems which provide very high
bandwidth data transmission over long distances.

2. Description of the Related Art

The increasingly high density of network traffic in
recent years encourages development of submarine op-
tical cable systems. For example, the Trans-Pacific Ca-
ble TPC-5N is under construction to provide a data link
of 9,000 Km total distance and data speed of 5 Gb/s,
equipped with optical-amplifier repeaters with spacing
of 33 Km.

In conventional high-speed data transmission sys-
tems for long distance services using optical amplifiers
for their repeaters, each optical fiber only conveys a sin-
gle-wavelength optical signal, and there is provided a
well-known technique to supervise the repeaters used
in this scheme. That is, in its supervisory action, a land
terminal station transmits a command signal to a repeat-
er to request monitoring information, superimposing the
signal on a main signal. The repeater sends back its
monitoring information to the land terminal station in a
response signal superimposed on the returning main
signal. This superimposition of the command or re-
sponse signal on the main signal is performed in the way
of optical amplitude modulation, where the command or
response signal modulates the amplitude of the main
signal with about 5 % modulation degree.

Such usage of the optical fiber dedicated to a single
light wave, however, has a limitation in performance en-
hancement. As opposed to this, a wavelength division
multiplexing (WDM) deserves a special attention in its
potential for longer transmission distances and larger
capacity. This WDM method uses a plurality of optical
signals having wavelengths different from each other to
provide a plurality of transmission channels, respective-
ly.

There is a problem, however, that nothing has been
proposed about how to superimpose the command or
response signal on a plurality of main signals. Another
unsolved problem is how to transfer the command and
response signals in case that some channels have failed
and are unable to convey some of the main signals.
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SUMMARY OF THE INVENTION

Taking the above into consideration, an object of the
present invention is to provide a supervisory apparatus
for wavelength-division-multiplexed optical data com-
munication systems, capable of supervising the repeat-
ers in a simple way.

To accomplish the above object, according to the
present invention, there is provided a supervisory appa-
ratus for a wavelength-division-multiplexed optical data
communication system which provides communications
in a plurality of channels multiplexed with a plurality of
optical signals having different wavelengths. This super-
visory apparatus comprises transmission means, pro-
vided in a sender (transmitter), for superimposing a
command signal on a plurality of main signals of the re-
spective channels and transmitting those signals, and
extraction means, provided in a receiver, for extracting
the command signal out of the signals transmitted by
the transmission means.

Further, another supervisory apparatus comprises
transmission means for superimposing a response sig-
nal on the plurality of main signals of the respective
channels and transmitting those signals, and extraction
means for extracting the response signal out of the sig-
nals transmitted by the transmission means.

The above and other objects, features and advan-
tages of the present invention will become apparent
from the following description when taken in conjunction
with the accompanying drawings which illustrate pre-
ferred embodiments of the present invention by way of
example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1(A) is a conceptual view showing a send/re-
ceive scheme for a command signal in the present
invention;

FIG. 1(B) is a conceptual view showing a send/re-
ceive scheme for a response signal in the present
invention;

FIG. 2 is a block diagram of a sender terminal sta-
tion in a first embodiment;

FIG. 3 is a block diagram of a main signal modula-
tion driver circuit;

FIG. 4 is a block diagram of a command modulation
circuit;

FIG. 5 is a block diagram of an optical source;
FIG. 6 is a block diagram of an external modulator;
FIG. 7 is a block diagram of a supervisory control
unit;

FIG. 8 is a block diagram of a repeater in the first
embodiment;

FIG. 9 is a detailed block diagram of the repeater in
the first embodiment;

FIG. 10 is a block diagram of a receiver terminal
station unit in the first embodiment; and

FIG. 11 is a block diagram of a sender terminal sta-
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tion unit in a second embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Two embodiments of the present invention will be
described below with reference to the drawings.

First, FIGS. 1(A) and 1(B) provide the principle of a
first embodiment of the present invention. FIG. 1(A)
shows a conceptual view of a send/receive scheme for
a command signal, and FIG. 1(B) shows that for a re-
sponse signal.

Main constituents to send and receive the com-
mand signal include transmission means 2 provided in
a sender ortransmitter 1 totransmit the command signal
by superimposing it equally on a plurality of main signals
conveyed on the respective channels, and extraction
means 4 provide in a receiver 3 to extract the command
signal out of the signals transmitted by the transmission
means 2. In FIG. 1(A), the sender 1 is a terminal station
and the receiver 3 is a repeater.

Symmetrically, main constituents to send and re-
ceive the response signal include another transmission
means 6 provided in a sender 5 to transmit the response
signal by superimposing it on a plurality of main signals
Of the respective channels, and another extraction
means 8 provided in a receiver 7 to extract the response
signal out Of the signals transmitted by the transmission
means 6. Note that the sender 5 is a repeater and the
receiver 7 is a terminal station in FIG. 1(B).

In the structural arrangement shown in FIG. 1(A),
the transmission means 2 in the sender 1 transmits a
plurality of main signals of the respective channels to
the receiver 3via a single optical fiber 9, using a plurality
of optical signals having different wavelengths from
each other. The transmission means 2 also sends the
command signal superimposing it on all the main signals
in order to request a specific repeater to report its mon-
itoring information.

The receiver 3 optically amplifies the main signals
of the respective channels, which are transmitted by the
sender 1 in the form of optical signals, and forwards
them to the next repeater (not shown). At that time, the
extraction means 4 in the receiver 3 extracts the com-
mand signal from the signals sent by the transmission
means 2. If the receiver 3 command signal finds it to be
arequest directed to the receiver itself, it sends back its
own monitoring information in the response signal as
described later on.

On the other hand, in the structural arrangement as
shown in FIG. 1(B), the sender 5 optically amplifies the
main signals of the respective channels which the pre-
vious repeater (not shown) transmitted in the form of op-
tical signals and forwards them to the receiver 7 via the
optical fiber 10. At that time, the transmission means 6
in the sender 5 also superimposes the response signal
equally on all the main signals. The receiver 7 extracts
the response signal from the received optical signals as
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well as drawing out the main signals therefrom.

As described above, because the same single com-
mand or response signal is transmitted being superim-
posed on a plurality of main signals conveyed on the
respective channels, the extraction means in the receiv-
er side can surely extract the command or response sig-
nal even if a trouble happened in any channel thereof.

The more detailed explanation on the first embodi-
ment will follow.

FIG. 2 is a block diagram of a sender terminal sta-
tion unit in the first embodiment. The structure shown in
FIG. 2 corresponds to the transmission means 2 in FIG.
1(A). The first embodiment is actually a wavelength-di-
vision-multiplexed optical data communication system
which provides N channels of data transmission lines
using N kinds of light waves having different wave-
lengths, where N is an integer indicating the number of
channels.

InFIG. 2, the main signals of N channels are applied
to respective main signal modulation drivers (S1-SN)
11a-11n to be amplified individually and output to exter-
nal modulators (M1-MN) 14a-14n. In addition to ampli-
fication, the main signal modulation drivers 11a-11n per-
form self-diagnosis to detect any problem with the circuit
of themselves and/or the main signals that they have
received. If any problem is found, the main signal mod-
ulation drivers will send an S-fault alarm to a supervisory
control unit (SV CONT) 15. The internal structure of the
main signal modulation drivers 11a-11n will be de-
scribed later on with reference to FIG. 3.

Command modulation circuits (D1-DN) 12a-12n,
dedicated to the respective channels, convert the origi-
nal command signal sent from the supervisory control
unit 15 into current signals and apply them to optical
sources (A1-AN) 13a-13n, respectively, for direct mod-
ulation of the light outputs. The command modulation
circuits 12a-12n also perform self-diagnosis to detect
any problem with the circuit of themselves. The problem,
if found, will be reported to the supervisory control unit
15 as a D-fault alarm. The internal structure of the com-
mand modulation circuits 12a-12n will be described later
on with reference to FIG. 4.

The optical sources 13a-13n, dedicated to the re-
spective channels, generate laser beams having differ-
ent wavelengths from each other, whose intensity is di-
rectly modulated by the outputs from the command
modulation circuits 12a-12n, respectively. The optical
sources 13a-13n also perform self-diagnosis to detect
any problem with its own circuitry, and will send a A-fault
alarm to the supervisory control unit 15, if it is detected.
The internal structure of the optical sources 13a-13n will
be described later on with reference to FIG. 5.

The external modulators 14a-14n, dedicated to the
respective channels, apply an external modulation to
the laser beams from the optical sources 13a-13n with
the outputs of the main signal modulation drivers 11a-
11n, respectively. The external modulators 14a-14n also
perform self-diagnosis to detect any problem with the
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circuit of themselves, and will send an M-fault alarm to
the supervisory control unit 15, if it is detected. The in-
ternal structure of the external modulators 14a-14n will
be described later on with reference to FIG. 6.

Receiving the various alarm signals, the superviso-
ry control unit 15 recognizes a channel fault and sends
the same command signal to the command modulation
circuits of the channels in operation. The command sig-
nal is actually derived from an external control command
and its amplitude is set to a certain level depending on
the number of the channels in operation as described
later in detail. This amplitude of the command signal de-
termines the degree of the direct modulation to be per-
formed by the command modulation circuits 12a-12n.
Further description regarding the internal structure of
the supervisory control unit 15 will be provided later with
reference to FIG. 7.

Provided by the external modulators 14a-14n with
the optical signals having different wavelengths, a mul-
tiplexer 16 outputs the mixed optical signals to the opti-
cal fiber 9, serving as the final stage of the wavelength
division multiplexing scheme.

FIG. Sis a block diagram showing the internal struc-
ture of any one of the main signal modulation drivers
11a-11n. That is, the main signal is supplied to a driver
circuit 21 so as to provide the corresponding external
modulator with the amplified main signal, as well as to
an input loss detection circuit 22 for qualifying the input
of the main signal. If this main signal input is stopped,
an input-loss alarm signal will be sent to a logical OR
circuit 24. In addition to this input-loss detection, a pow-
er-fault/abnormal-temperature detection circuit 23 mon-
itors the status of the driver circuit 21 and sends another
alarm signal to the logical OR circuit 24, if any fault is
detected. With the input-loss alarm signal and/or this fur-
ther alarm signal, the logical OR circuit 24 outputs the
S-fault alarm to the supervisory control unit 15.

FIG. 4 is a block diagram showing the structure of
any one of the command modulation circuits 12a-12n.
The supervisory control unit 15 supplies a voltage-to-
current (V/l) converter 25 with the command signal
whose amplitude is set as described above. The V/l con-
verter 25 converts this voltage signal to a current signal,
while a bias current circuit 26 generates a predeter-
mined bias current for power input of the optical source.
This V/l-converted main signal and the generated bias
current are added by a current adder 27 to provide the
corresponding optical source with its drive current. A bi-
as fault detection circuit 28 watches the bias current cir-
cuit 26, and if any fault is detected, it will send the D-
fault alarm to the supervisory control unit 15.

FIG. 5 is a block diagram showing the internal struc-
ture of any one of the optical sources 13a-13n. That is,
a distributed-feedback laser diode (DFB-LD) module 29
is a distributed-feedback semiconductor laser, which
generates a laser beam directly modulated with the
drive current from the corresponding command modu-
lation circuit and supplies the generated laser beam to
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the external modulator associated with it. The frequency
of the V/l-converted command signal is about 10 MHz,
which is lower than that of the main signal to be ex-
plained later on. A rear power monitor 30 monitors the
laser output level of the DFB-LD module 29, and a rear
power fault detection circuit 31 will send an output-level
alarm signal to a logical OR circuit 34, if the laser output
level is found abnormal. While a temperature control cir-
cuit 32 regulates the temperature of the DFB-LD module
29, an abnormal temperature detection circuit 33 is re-
sponsible for detecting any error that would stop the
temperature control circuit 32 and generating a temper-
ature alarm signal to the logical OR circuit 34. With the
output-level alarm and/or the temperature alarm, the
logical OR circuit 34 sends the A-fault alarm to the su-
pervisory control unit 15.

FIG. 6 is a block diagram showing the internal struc-
ture of any one of the external modulators 14a-14n. Us-
ing the main signal from the corresponding main signal
modulation driver, a modulator 35 applies an external
modulation to the laser beam from the corresponding
optical source. The modulated laser beam is then sup-
plied to the multiplexer 16. The data rate of the main
signal is of the order of gigabit per second (Gb/s) and it
requires higher modulation speed than that of the com-
mand signal. A fault detection circuit 36 is monitoring
the modulator 35 and will report its fault to the supervi-
sory control unit 15 as the M-fault alarm.

FIG. 7 is a block diagram showing the internal struc-
ture of the supervisory control unit 15, The supervisory
control unit 15 contains logical OR circuits 37a-37n,
each of which receives the S-fault, D-fault, A-fault and
M-fault alarms of each channel. When any of those
alarms becomes active, the logical OR circuits 37a-37n
recognize it as a fault of the corresponding channel and
then notify a modulation degree control unit 38 of the
channel fault. This modulation degree control unit 38 in-
forms the command signal generator unit 39 of which
channels are available for further operations, and at the
same time, sets the degree of modulation in the follow-
ing manner. The standard value A of the degree of mod-
ulation, which is applicable to each channel when all the
N channels are operational, is first determined depend-
ing upon demodulators' sensitivity in the receiver. Then,
in consideration of the number (L) of the faulty channels,
the degree of modulation for the operational channels
is determined as {N/(N-L)}A. Triggered by an external
operation, the command signal generator unit 39 actu-
ally generates the command signal with amplitude ad-
justed to the determined degree of modulation.

The command signal generator unit 39 distributes
the same command signal having the adjusted ampli-
tude to the command modulation circuits only of the op-
erational channels. As described before, the command
modulation circuits of the operational channels directly
modulate the respective optical sources. This resulis in
the intended degree of modulation in accordance with
the amplitude of the command signal.
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Because the degree of modulation is determined in
consideration of the number of operational channels
that remain without fault, it is possible to obtain a con-
stant-strength receiver output for the command signal
regardless of the presence of or the number of faulty
channels by summing up all the command signals re-
ceived in the respective channels. In other words, if the
transmitter did not care about the presence of or the
number of faulty channels and only provided a constant
degree of modulation, the strength of the command sig-
nal in terms of the degree of modulation to the total pow-
er level would be reduced to (N-L)A/N, particularly when
L channels were unable to transfer the command signal
due to some troubles. On the other hand, since the re-
peater to receive the command signal should be as sim-
ple as possible in its structure, it would preferably be
configured so that it receive the whole signal power with-
out using an optical splitter. The repeater configured as
such might not be able to receive the command signal
if its degree of modulation was degraded by the channel
fault. The present invention will solve this problem by
determining the degree of modulation taking the number
of operational channels into account.

Incidentally, even if a part of the faulty channels has
recovered their performance, the modulation degree
control unit 38 will set the degree of modulation just as
described above, assuming that L channels are still out
of order.

The next explanation will devote to the repeater
configuration in the first embodiment of the present in-
vention.

FIG. 8 is a block diagram showing the structure of
the repeater in the first embodiment, which is associated
with the extraction means 4 in the receiver 3 and the
transmission means 6 in the sender 5, both as shown
in FIG. 1.

The repeater is composed of elements 41a-45a for
the upstream line, elements 41b-45b for the down-
stream line, and a data processing unit 46 commonly
used by the both line elements. The optical amplifier
units 41a and 41b amplify the WDM optical signals as
they are (i.e., not converting them into electrical signals
for amplification) as well as sending their individual sta-
tus signals to the data processing unit 46. The modula-
tors 42a and 42b modulate the amplified optical signals
with the response signals from the drivers 43a and 43b,
respectively, in the way of superposition of the same re-
sponse signals equally on all the channels. The drivers
43a and 43b are amplifiers for the respective response
signals from the data processing unit 46. As for the mod-
ulators 42a and 42b, a further description will be provid-
ed later on with reference to FIG. 9.

The command receivers 45a and 45b extract the
respective command signals from the optical signals
split off at the optical couplers 44a and 44b, and send
them to the data processing unit 46. The response sig-
nals are of the order of kHz in its frequency range, while
the command signals are of the order of 10 MHz. This
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difference in frequency ranges enables the command
receivers 45a and 45b to selectively receive the com-
mand signals.

Note that the command receivers 45a and 45b re-
ceive the optical signal not via a single channel but via
all the channels. As previously described, the degree of
modulation of the command signal is adjusted according
to the number of operational channels. Therefore, the
command signal received by the command receivers
45a and 45b will maintain a constant signal strength
even though the available channels are reduced due to
some channel faults.

When the data processing unit 46 receives a com-
mand signal from one line, it returns a response signal
via the other line if the command signal has turned out
to be addressed to the repeater that it belongs to. For
example, when the command receiver 45a for the up-
stream line has received a command signal addressed
toit, the data processing unit 46 sends a response signal
containing the status signals of the optical amplifier units
41a and 41b to the terminal station via the driver 43b
and modulator 42b for the downstream line.

FIG. 9 is a block diagram showing the detailed
structure of the repeater which was introduced in FIG.
8. Since some of the elements shown in FIG. 9 are com-
mon to those in FIG. 8, the same reference numerals
are attached to such elements for convenience, but the
following explanation will not repeat the description for
them.

The repeater shown in FIG. 9 has erbium-doped fib-
er (EDF) optical amplifiers 47a and 47b for the optical
amplifier units 41aand 41b in FIG. 8. For the modulators
42a and 42b, the repeater incorporates WDM couplers
48a and 48b in combination with laser diodes (LD) 49a
and 49b. This configuration performs modulation of the
gain of the EDF amplifiers 47a and 47b optically pumped
by the outputs of the laser diodes 49a and 49b, respec-
tively, which outputs may involve the response signals.
The laser diodes 49a and 49b also send their status sig-
nals to the data processing unit 46, which information is
forwarded to the terminal station with the response sig-
nal.

The next explanation will clarify the receiver termi-
nal station unit in the first embodiment.

FIG. 10 is a block diagram showing the structure of
the receiver terminal station unit in the first embodiment,
which corresponds with the extraction means 8 in the
receiver 7 shown in FIG. 1.

An optical preamplifier 51 optically amplifies the op-
tical signal provided through the optical fiber 10 (See
FIG. 1). An optical coupler 53 splits the light into two
parts in the ratio of 10:1, and sends the major part to a
main signal receiver 54 and the rest to a photodiode
(PD) 55. The prime constituents of the main signal re-
ceiver 54 include a band-pass filter (BPF), an optical
splitter and optical detectors dedicated to the respective
channels. That is, the main signal receiver 54 only pass-
es WDM optical signals having wavelengths in a prede-
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termined range, demultiplexes the passed WDM optical
signals into the original pieces, and converts them to
separate electrical signals. On the other hand, the pho-
todiode 55 extracts the response signal and outputs it
as an electrical signal. This electrical response signal is
then sent to a demodulator 58 via an electrical amplifier
56 and an electrical filter 57 to recover the original re-
sponse signal.

To summarize the first embodiment, the sender
transmits the command signal or response signal by su-
perimposing it on a plurality of main signals conveyed
in the respective channels, and therefore, the receiver
can surely extract the command or response signal
even if some of the channels have failed. In the WDM
optical data communication systems, this scheme facil-
itates their supervisory action to the repeaters.

Next, the following explanation will provide a sec-
ond embodiment of the present invention. The second
embodiment, basically having the same structure as
that of the first embodiment, is equipped with a different
type of sender terminal station unit.

FIG. 11 is a block diagram of a sender terminal sta-
tion unit in the second embodiment. The constituents
that have already appeared in the first embodiment bear
the same reference numerals and their explanation will
be omitted in the following description.

In the second embodiment, optical sources (A1-AN)
61a-61n for respective channels produce light beams
having different wavelengths, however, they are not
subject to the direct modulation unlike the first embodi-
ment. The optical sources 61a-61n monitor their own cir-
cuitry, and will send A-fault alarm to a supervisory control
unit (SV CONT) 62 if any problem is found.

The supervisory control unit 62 will receive S-fault
alarms from the main signal modulation drivers 11a-11n,
A-fault alarms from the optical sources 61a-61n, and M-
fault alarms from the external modulators 14a-14n.
Based on those various alarms, the supervisory control
unit 62 recognizes a channel fault and thereby deter-
mines the degree of modulation before sending the
command signal. That is, a value B of the standard de-
gree of modulation, which is applicable to an external
modulator 63 (to be described later on) for command
signal modulation when all the N channels are opera-
tional, is first determined to a certain level depending on
demodulators' sensitivity in the receiver. Then, in con-
sideration of the number (L) of the faulty channels, the
degree of modulation for the external modulator 63 for
the command signal is determined as {N/(N-L)}B. Note
that the modulation in the second embodiment is per-
formed not at individual channels but as a whole, as op-
posed to the way in the first embodiment. Triggered by
an external operation, a command signal generator unit
(not shown) integrated in the supervisory control unit 62
actually generates the command signal whose ampli-
tude is adjusted to the determined degree of modulation.

Incidentally, even if a part of the faulty channels has
recovered their performance, the supervisory control
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unit 62 will set the degree of modulation as described
above, assuming that L channels are still out of order.

At the final stage, the external modulator 63 modu-
lates the optical signals with the command signal whose
amplitude is adjusted so as to obtain the intended de-
gree of modulation. This external modulator 63 may
comprise lithium-niobate (LiNbOgz) semiconductors or
field-absorption effect semiconductor devices.

The above discussion will be summarized as fol-
lows. According to the present invention, the sender
transmits the command signal or response signal by su-
perimposing it equally on a plurality of main signals con-
veyed in respective channels. Therefore, the receiver
can surely extiract the command or response signal
even if some of the channels have happened to fail.

Therefore, in the wavelength-division-multiplexed
optical data communication systems, the present inven-
tion facilitates their supervisory action to maintain the
repeaters.

The foregoing is considered as illustrative only of
the principles of the present invention. Further, since nu-
merous modifications and changes will readily occur to
those skilled in the art, it is not desired to limit the inven-
tion to the exact construction and applications shown
and described, and accordingly, all suitable modifica-
tions and equivalents may be regarded as falling within
the scope of the invention in the appended claims and
their equivalents.

Claims

1. Asupervisory apparatus for a wavelength-division-
multiplexed optical data communication system
which provides communications in a plurality of
channels multiplexed with a plurality of optical sig-
nals having different wavelengths (A, - ky),
comprising :

transmission means (2), provided in a sender
(1), for superimposing a command signal on a
plurality of main signals of the respective chan-
nels and transmitting signals thereof; and
extraction means (8), provided in a receiver (7),
for extracting the command signal out of the
signals transmitted by said transmission
means.

2. A supervisory apparatus according to claim 1,
wherein said extraction means (8) extracts all com-
ponents of the command signal superimposed on
the plurality of main signals conveyed on the re-
spective channels.

3. A supervisory apparatus according to claim 1,
wherein said transmission means comprises:

a plurality of optical source means (13a-13n),
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respectively provided for the plurality of chan-
nels, for generating light beams having wave-
lengths (A, - Ay) different from each other;
command signal modulation means (12a - 12n)
for applying direct modulation to each of the
light beams with the command signal when said
optical source means generates the light
beams;

a plurality of main signal modulation means
(11a - 11n), respectively provided for the plural-
ity of channels, for applying external modula-
tion with the respective main signals to the light
beams which are directly modulated with the
command signal; and

multiplexing means (16) for multiplexing the
light beams output from said main signal mod-
ulation means.

4. A supervisory apparatus according to claim 3,

wherein said command signal modulation means
(12a - 12n) comprises :

faulty channel detecting means (37a - 37n) for
detecting faulty channels among N channels,
wherein the N is the number of the channels;
and

variable-degree modulation means (38) for ap-
plying the direct modulation with the command
signal in a degree of modulation of {N/(N-L)}A
to the light beams generated by said optical
source means corresponding to (N-L) opera-
tional channels which said faulty channel de-
tecting means has recognized operational,
wherein the L is the number of the faulty chan-
nels detected by said faulty channel detecting
means and A is a degree of modulation to be
applied to each of the channels when all the
channels are operational.

5. A supervisory apparatus according to claim 1,

wherein said transmission means (2) comprises :

a plurality of optical source means (13a - 13n),
respectively provided for the plurality of chan-
nels, for generating light beams having wave-
lengths (A, - Ay) different from each other;

a plurality of main signal modulation means
(11a - 11n), respectively provided for the plural-
ity of channels, for applying external modula-
tion with the respective main signals to the re-
spective light beams which are generated by
said optical source means;

multiplexing means (16) for multiplexing the
light beams modulated by said plurality of main
signal modulation means ; and

command signal modulation means (12a - 12n)
for applying a further external modulation to the
light beam outputted by said multiplexing

&

10

15

20

25

30

35

40

45

50

55

means with the command signal.

6. A supervisory apparatus according to claim 5,

wherein said command signal modulation means
(12a - 12n) comprises :

faulty channel detecting means (37A-37n) for
detecting faulty channels among N channels,
wherein N is the number of the channels; and
variable-degree modulation means (38) for ap-
plying the further external modulation with the
command signal to the light beam outputted by
said multiplexing means in a degree of modu-
lation of {N/(N-L)}B, wherein L is the number of
the faulty channels detected by said faulty
channel detecting means and B is a standard
degree of modulation used in said command
signal modulation means when all the channels
are operational.

A supervisory apparatus for a wavelength-division-
multiplexed optical data communication system
which provides communications in a plurality of
channels multiplexed with a plurality of optical sig-
nals having different wavelengths (A; - Aiy),
comprising :

transmission means (2), provided in a sender
(1), for superimposing a response signal on a
plurality of main signals of the respective chan-
nels and transmitting signals thereof; and
extraction means (8) provided in a receiver (7),
for extracting the response signal out of the sig-
nals transmitted by said transmission means.

A supervisory apparatus according to claim 7,
wherein said extraction means (8) extracts all com-
ponents of the response signal superimposed on
the plurality of main signals conveyed via the re-
spective channels.

A supervisory apparatus according to claim 7,
wherein said transmission means (2) comprises :

optical amplification means (47a - 47b) for op-
tically amplifying the plurality of main signals re-
ceived via the respective channels, and
modulation means (42a-42b) for modulating
the plurality of main signals amplified by said
optical amplification means with the response
signal.

10. A supervisory apparatus according to claim 7,

wherein said transmission means (2) comprises :

optical amplification means (47a - 47b) for op-
tically amplifying the plurality of main signals re-
ceived via the respective channels, said optical
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amplification means comprising erbium-doped
fiber devices, and

modulation means (48a, 48b, 49a, 49b) for var-
ying a gain of said optical amplification means
in accordance with the response signal.
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